Purpose. Current evidence regarding salvage resection for recurrent retroperitoneal (RP) sarcomas generally lacks detailed histology-specific analyses, but the aggressiveness of these tumors varies widely by histology. We investigated associations between timing and extent of salvage surgery and survival outcomes in patients with recurrent RP well-differentiated liposarcoma (WDLPS). Methods. The University of Texas MD Anderson Cancer Center Surgical Oncology sarcoma database was reviewed to identify patients with RP WDLPS who underwent surgical resection for first recurrent disease (salvage surgery) in 1995-2015. Medical records were retrospectively reviewed to identify factors associated with overall survival and disease-free survival. Results. We identified 52 patients who underwent salvage surgery for RP WDLPS for first local recurrence; 28 (54%) underwent salvage surgery within 6 months after recurrence. Concomitant organ resections were performed in 32 (62%) patients, 4 (13%) of whom had pathologic invasion of resected organs. After R0/R1 resections (n = 45), 38 (84%) experienced a second local recurrence. Multivariable analyses revealed that organ invasion at the primary surgery [hazard ratio (HR) 13.08; p = 0.005] and diseasefree interval \ 1 year (HR 3.64; p = 0.044) were associated with shorter overall survival. Recurrence-to-salvage interval \ 6 months was associated with shorter diseasefree survival (HR 2.18; p = 0.025). Concomitant organ resection was associated with a longer hospital stay: C 14 days (odds ratio 21.58; p = 0.007). Conclusions. Early salvage surgery may not always be the best approach for recurrent RP WDLPS patients. Because organ invasion is rare among recurrent RP WDLPS patients and concomitant organ resection is associated with a longer hospital stay, preservation of uninvolved organs should be considered.
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Retroperitoneal (RP) sarcomas account for approximately 15% of soft tissue sarcomas. 1 Retroperitoneal sarcomas comprise various histologic subtypes, and liposarcoma is the most common among them. [2] [3] [4] Each histologic subtype has a distinct recurrence pattern; therefore, reports that do not specify histology may not effectively guide treatment strategy. 5, 6 For example, leiomyosarcoma has a high risk of distant metastasis ([ 50%) and a low risk of local recurrence (10-15%). 4, 5 In contrast, RP well-differentiated liposarcoma (WDLPS) has a high risk of local recurrence and rarely metastasizes. 4 Reports combining these two distinct histologies cannot effectively guide treatment of either. There is accumulating evidence from retrospective studies that supports salvage surgery for recurrent RP sarcomas. [7] [8] [9] [10] However, a specific analysis of the impact of salvage surgery for recurrent RP WDLPS has not been reported.
Patient selection for salvage surgery is critical. Factors reportedly associated with a longer survival after salvage surgery for RP sarcomas in general are a long recurrencefree interval, unifocal disease, and complete Park et al. reported that a slow tumor growth rate after recurrence (\ 0.9 cm/month) was predictive for longer disease-free survival (DFS) in recurrent RP liposarcomas. 13 However, the effect of timing of salvage surgery (or time between diagnosis of recurrent disease and salvage surgery) has not been investigated. Our hypothesis was that watchful waiting to characterize the clinical behavior of the recurrent disease may improve patient selection for salvage surgery for recurrent RP WDLPS. In this study, we investigated factors, including time between recurrence and salvage surgery, that are associated with improved survival outcomes in patients who underwent salvage resection for recurrent RP WDLPS at The University of Texas MD Anderson Cancer Center. We also sought to investigate the associations between concomitant organ resection at salvage surgery and survival outcomes, incidence of complications, and length of hospital stay.
METHODS
After receiving Institutional Review Board approval, with a waiver of the informed consent requirement, we comprehensively searched the tumor registry at MD Anderson to identify patients who, between 1995 and 2015, underwent curative-intent resection of first local recurrence of previously resected RP WDLPS. We identified 52 patients, including 35 patients who were analyzed in our previous publication on organ invasion at the time of primary resection, which shares some common methodology (N. Ikoma, unpublished data). Clinicopathologic data were retrospectively collected from medical records. Variables included: age, sex, race/ethnicity, size of recurrent tumor (measured at pathologic assessment), focality (unifocal or multifocal as noted in the operative report; multifocal tumor was defined as a tumor completely separated by nontumorous connective tissue), presence of symptoms at recurrence, macroscopic margin status (R0/R1 or R2), organ invasion status at primary resection and at salvage resection (tumor invasion/infiltration into concomitantly resected solid organs confirmed by pathology; obtained by review of the pathology report), postoperative complications (defined as an event of Clavien-Dindo classification grade 3 or higher observed within 30 days after surgical resection), length of hospital stay at salvage resection, and postoperative mortality within 30 days.
14 For patients who had more than two CT scans available to assess change in tumor size after recurrence, tumor growth rates were calculated [change in the largest diameter between the first CT scan that identified recurrent disease and the last CT scan before the salvage surgery (cm/month)]. The pathologic evaluation at the time of resection was conducted by pathologists with specialized experience in sarcoma pathology. In general, resected organs were sliced into 5-10 mm blocks to make slides for pathologic review to evaluate invasion or infiltration of resected organs. After the primary or salvage resection at MD Anderson, all patients were recommended for follow-up with serial physical examination every 3-6 months and radiographic evaluation with CT of the chest, abdomen, and pelvis every 6-12 months for 5-10 years. Patients who elected to be followed up by local physicians were contacted by the institutional tumor registry annually to update vital and recurrence status and treatment of disease. Disease-free interval was defined as the time from surgical resection of the primary tumor to first local recurrence, and recurrenceto-salvage interval was defined as the time from diagnosis of the first local recurrence to salvage surgery. Treatments for all patients were determined by a multidisciplinary team, including specialists in surgical oncology, medical oncology, radiation oncology, and pathology.
Categorical variables of patient/tumor characteristics were compared by recurrence-to-salvage interval length (\ 6 months or C 6 months) using Chi square or Fisher's exact test as appropriate. Overall survival (OS) was defined as the time from surgical resection of the recurrent tumor (salvage surgery) to the time of death; DFS was defined as the time from salvage surgery to the time of local recurrence or death. OS and DFS curves were estimated using the Kaplan-Meier method. A log-rank test was performed to assess differences in survival outcomes between groups. Univariable and multivariable Cox proportional hazards regression analyses were performed to identify variables associated with OS and DFS for patients who underwent macroscopically complete (R0/R1) resection. Univariable and multivariable logistic regression analyses were performed to identify variables associated with postoperative complications and length of hospital stay for all study patients. For the study results to be applicable for selecting patients and determining the timing of salvage surgery, we only included preoperative factors in the Cox regression models. For both Cox regression and logistic regression analyses, factors with p \ 0.10 by univariable analyses were included in the primary model for the multivariable model, and a stepwise method with backward elimination was used to build the final model. SAS (version 9.2) statistical software was used to perform all analyses. A p value B 0.05 was considered significant.
RESULTS
We identified 52 patients with recurrent RP WDLPS who underwent salvage surgery for first local recurrence at MD Anderson during the study period. Patient and tumor characteristics are summarized in Table 1 . The median age was 58 years (range 34-80), 42% were male, and 75% were white. The mean tumor size was 13.5 cm, and 69% (36/52) of tumors were multifocal. Among 43 patients who had more than two preoperative CT scans, the mean tumor growth rate was 0.58 cm/month (median 0.39 cm/month), and 9 patients (21%) had a 0.9 cm/month or higher tumor growth rate. Of all 52 study patients, 28 (54%) underwent salvage resection within 6 months after the diagnosis of recurrent disease; no preoperative factors or postoperative short-term outcomes were significantly different between groups defined based on the length of this interval (Table 1) . Ninety-four percent (49/52) underwent surgical resection alone without pre-or postoperative therapy, and 87% (45/52) underwent macroscopically complete resection (R0/R1). Concomitant organ resections were performed at salvage surgery in 32 (62%) patients (37 organs); the resected organs were kidney (n = 9), gastrointestinal tract [n = 8; colon (n = 6), small bowel (n = 3), stomach (n = 1)], spleen (n = 9), pancreas (n = 6), liver (n = 2), diaphragm (n = 2), and inferior vena cava (n = 1). Pathologic evidence of organ invasion was seen in the salvage surgery specimen in four patients (8% of entire cohort, 13% of patients who underwent concomitant organ resection); five organs were affected [pancreas (n = 3), colon (n = 2)].
Survival Outcomes
The median follow-up duration after salvage surgery was 4.5 years. Among the 45 patients who underwent macroscopically complete (R0/R1) resection at the time of the salvage surgery, 38 (84%) experienced a second local recurrence during follow-up. Of all 52 study patients, 22 (42%) died during the follow-up. The estimated median OS duration for the entire cohort was 7.4 years (5-year OS, 68%), and median DFS duration was 1.4 years (5-year DFS, 17%). Sensitivity analyses using different cutoff points for disease-free interval (6 months, 1 and 2 years) and for recurrence-to-salvage interval (6 months, 1 and 2 years) were performed to determine the optimal cutoff. None of these cutoff points improved the prediction of OS and DFS. Therefore, the cutoff of 1 year for disease-free interval and 6 months for recurrence-to-salvage interval were determined based on clinical impressions of what timing constituted early recurrence after resection and what timing constituted a quick return to salvage resection after recurrence; these cutoffs were used in further analyses. By multivariable analysis of OS, organ invasion at the primary surgery [hazard ratio (HR) 13.08, 95% confidence interval (CI) 2.17-78.96; p = 0.005] and disease-free interval \ 1 year (HR 3.64, 95% CI 1.04-12.80; p = 0.044) were associated with shorter OS (Table 2) . By multivariable analysis of DFS, recurrence-to-salvage interval of \ 6 months was associated with shorter DFS (HR 2.18, 95% CI 1.10-4.32; p = 0.025; Table 3 ; Fig. 1 ). Concomitant organ resection was not associated with improved OS (HR 1.14, 95% CI 0.47-2.78; p = 0.775) or DFS (HR 0.96, 95% CI 0.50-1.85; p = 0.911) by univariable analyses.
Postoperative Complications and Hospital Stay
Postoperative complications were identified in 8 (15%) of the study patients. There was no postoperative mortality (B 30 days). Univariable analyses failed to identify factors associated with incidence of postoperative complications, including concomitant organ resection (data not shown).
The median hospital stay for the salvage surgery was 8 days (interquartile range 7-10 days), and nine (17%) patients stayed for C 14 days. By multivariable analysis, concomitant organ resection was associated with a longer (C 14 days) hospital stay (odds ratio 21.58, 95% CI 2.29-203.6; p = 0.007; Table 4 ).
DISCUSSION
In this single-institutional, retrospective study of patients with recurrent RP WDLPS, salvage surgery frequently achieved macroscopically complete (R0/R1) resection (87%), with a long median OS (7.4 years) after salvage surgery. However, the majority of patients experienced a second local recurrence during follow-up with a relatively short median DFS (1.4 years). Among preoperative factors examined in this study, presence of organ invasion identified at the primary resection and short disease-free interval (\ 1 year) were associated with short OS, and short recurrence-to-salvage interval (\ 6 months) was associated with shorter DFS. Concomitant organ resection at salvage surgery was not associated with longer OS or DFS and was associated with a longer (C 14 days) hospital stay. Histology-specific data are critical for determining the treatment strategies in RP sarcomas, because each histologic subtype has distinct tumor behavior and treatment outcomes. 5, 6, 15 However, currently available evidence for recurrent RP sarcomas supporting salvage resection generally lacks detailed histology-specific analyses, which make it difficult to apply those data to patients with recurrent RP WDLPS. [7] [8] [9] 11, [16] [17] [18] The survival impact of salvage surgery must differ between histologic subtypes, but no previous study included interaction (effect modification) terms in multivariable models, or they were underpowered to do so. Park et al. from Memorial Sloan Kettering Cancer Center reported a study of 105 patients with locally recurrent RP liposarcomas (48 WDLPS, 49 dedifferentiated, 4 myxoid, and 3 round cell liposarcomas), among whom 61 patients underwent salvage surgery; they showed that local recurrent tumor growth rates of less than 0.9 cm/month were associated with longer OS and DFS. 13 Although these results must be interpreted with care because their study included high-grade liposarcomas, the idea of using tumor growth rate as a marker of tumor behavior is clinically plausible. In the current study, tumor growth rate was not associated with OS after adjustment for presence of organ invasion at primary resection and disease-free interval length. However, these three factors are likely interconnected, because all represent aggressiveness of tumor behavior/biology. At MD Anderson, all WDLPSs are categorized as low-grade histology, although we observe some heterogeneity in tumor cellularity among WDLPSs at pathologic assessment. Currently, there is no standardized marker that differentiates tumor biology among WDLPSs; recurrent tumors that previously showed tumor invasion to surrounding organs and/or tumors that recurred with a short disease-free interval merit thoughtful consideration of whether patients would benefit from salvage surgery, because these characteristics represent aggressive tumor behavior.
The current study showed that a recurrence-to-salvage interval C 6 months was associated with longer DFS. Although a longer interval was not associated with longer OS, preoperative strategic watchful waiting for recurrent RP WDLPS has potential benefits in patient selection and planning for salvage surgery. First, we can estimate the tumor behavior/aggressiveness by establishing the tumor growth rate. Second, we may identify a newly emerging remote focus of recurrent multifocal disease, which may not be visualized on the initial CT scan and may be missed at the salvage surgery if the patient undergoes surgery without a watchful waiting period. If the recurrent tumor is rapidly growing with multiple emerging foci during watchful waiting, a patient likely will not benefit from a salvage surgery attempt. On the other hand, if the recurrent tumor is stable in size and number of foci, the patient may be able to continue observation without surgical intervention. Because salvage surgeries for recurrent RP sarcomas are frequently challenging due to several technical considerations, patient selection for salvage surgery needs thoughtful evaluation, and strategic watchful waiting after identification of recurrent disease may help in clinical decision making. Development of effective systemic therapy for RP WDLPS, such as MDM2 antagonists, may enable a preoperative therapy approach for recurrent RP WDLPS in the future. 19 The potential disadvantage of a strategic watchful waiting approach is the potential for tumor growth and invasion to surrounding structures, which may prohibit complete resection or may result in more extensive surgery. In the current study, we did not find a statistical difference in frequency of R2 resection or concomitant organ resections by recurrence-to-salvage interval duration; however, surgeons should be aware of such potential scenarios and perform careful patient evaluations with frequent imaging (at least every 3-6 months).
The extent of resection for primary RP sarcomas is currently an active subject of debate in the surgical oncology literature. [20] [21] [22] In contrast to primary RP sarcomas, the benefit of extended resection for recurrent RP sarcomas has not been well discussed. Given the high incidence of second recurrence after salvage surgery for recurrent RP sarcomas, the general consensus among sarcoma surgeons worldwide seems to favor a conservative approach that limits the extent of resection to recurrent tumors and directly invaded organs. 17 In the current study, even though our sarcoma surgical group does not advocate organ resection unless actual tumor invasion is suspected, concomitant organ resections were performed in 62% of patients, and only four patients (13% of patients who underwent organ resections) had actual organ invasion, which highlights the difficulty of intraoperative assessment of tumor invasion at salvage surgery. Although concomitant organ resection did not affect survival outcomes in the current study, it was associated with a longer hospital stay, as expected. Judicious decision making is recommended when considering concomitant organ resection at salvage surgery for recurrent RP WDLPS.
A limitation of our study was its retrospective design. Interpretation of this retrospective, single-institution study requires careful consideration because of inherent selection bias, which includes the multiple oncologic, as well as nononcologic/technical reasons, which can lead to the resection of adjacent organs. Although organ resection in this study was not associated with improved outcomes, patients with advanced disease require concomitant organ resection to achieve a complete tumor extirpation, which results in a similar survival to surgery in patients who did not require organ resection. Potential risk factors for poor survival outcomes assessed in the current study, such as short disease-free interval and tumor growth rate, were likely already considered for patient selection and determining the timing of salvage surgery. Such selection bias also may have affected our finding of longer DFS in patients who underwent salvage surgery with a longer recurrence-to-salvage interval. We set a cutoff of 14 days to define a long hospital stay based on our clinical impression that patients with severe complications or an eventful recovery may be associated with a longer than 2-week hospital stay; a different cutoff may have resulted in different findings.
The current study has several strengths. To our knowledge, this is the largest case series that specifically evaluated surgical patients with recurrent RP WDLPS, although it was still a small cohort with limited statistical power to detect factors associated with survival outcomes. The concept of recurrence-to-salvage interval as a predictive variable for survival outcomes was novel in the current study. A final strength was that our patients represent a standardized treatment strategy performed at a high-volume sarcoma center with consistent quality. We believe that our findings, which are specific to recurrent RP WDLPS, will help to guide treatment strategies in this population.
CONCLUSIONS
In patients with resected recurrent RP WDLPS, early salvage surgery may not always be the most beneficial approach, and strategic watchful waiting may improve patient selection for salvage surgery. Because organ invasion is a rare event among recurrent RP WDLPS patients and concomitant organ resection is associated with increased length of stay, preservation of clinically uninvolved organs should be considered.
